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Endorsement (1) Profossor H. C. Hottel, Chief, Seotion 11.1
to Dr. H. M. Chadwell, Chief, Division 11.

Forwarding report and notings

"The attached report summarizes 3-1/2 years of activity
of' an Eastman Kodak group in many fields covered by.the
gencral title, “Studies of Thickened Liquids." Starte
ing as a fundamental study of the rheology of thickeneod
fuels the project moved on to include a widc range of

* problems associated with development work by other
contractors on incendiariocs and flame throwers. The work
included studies of small jet performance, the effect of
oxidation and of moisture on the stability of Napalm,
Napalm mamufacturing problems, dehydrating agents, the
effect of various peptizers on thickened fuels, anomalous
effects of compounding temperature and of storage tempera~
ture on the consistoncy of Napalm, various fiber additives,
the appraisal of other thickening agents than Napalm, the
performancc of portable flame throwers with various thick-
eners, the pumping characteristics of Napalm thickening
fuels, and methods of mixing Napalm and gasoline. The
last two fields of activity led to development of equip-
ment for mixing Napalm under subcontract with the Ferro
Enemel Corp., and a purchase order on the Cleaver-Brooks
Co., and to the development by the Eastman group itself
of a pump-operated flame thrower, At the end of the war
this principle of mechanized flame thrower design held
great promise, and the work is contimuing under a direct
contract with the Chemical Varfare Service."
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This is & final report under Contract 11-300, OEMsr-538 with
the Eastman Kodak Company.
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S 19'2!‘: :ﬂt l..“:o o:a:.mt o‘=u;.53l n:.. undertaken ia
w a view etermin rheo. per-
es of thickened vesieants and the m...-mm‘a:u’:' then
being develeped for use as fuels in flame throwers and inoen-
diary bombs. These properties were studled by means of Clark-
Hodsman, MgoMichgel, and H Pressure Capillary viscosimeters,
a special Jeweler's Lathe viscosimeter which was for
use in the study of short time effests and a Resonanee
tometer with the aid of which rigidity and viscosiSy could be
determined at frequencies up to seventy cyocles per seeond,

The thiockened hydrocarbon fluids which were studied
included Napalm, then known as BE-10%, other aluminus soap
thickened fuels developed by the Columbia University and Massa-
chusetts Institute of Technolegy Laboratories of the Chemieal
Warfare S.rviee, isobu methacrylate mt':zounr ls and
other isobutyl methac te fo tions, as F 2788
and 2789, developed by DuPonS, All these flulds were found %o
be pseudoplastic, having much » viscosities at low than
at h rates of shear. In addition, all showed measurable
rigidity, and some displayed thixotropy, yield value, work
hardening, and after-elastic effects in varying degrees.

Unignited 1/8-inch jet experiments were made in an
atStempt to correlate performance of thickened fluids in the
flame thrower (1.e. ) with their rheological preperties.
No signifieant correlation was observed between range and any
variable exeept the apparent viscosity of the fluid, Whea
viscosity at a rate of shear of four reciprocal seconds (deter-
mined with Macliichael) was plotted against for a number
of fluids compared at the same initial (nozzle) kinetiec energy
the date for Hewtonian, pseudoplastie, thimirepie and atlatant
fluids covering a viscos range of 0.1 to 8000 poises was
found to fall on the same line, The only significant deviations
were for liquids of low viscosity u:..l:{h surface tension., IS
was thus oconcluded that the pr requirement for
flame thrower fuels is pseudoplastiecity, low nﬂn-l vise
cosity at high rates of shear permitting high nosszle velocity
at e pressures and the high appareat viscosity at low
nhootwpnmnuinm:.ot Jos by the dreg of the
surrounding air, However, eertain liquids which are short (i.e,
1lack stringiness) and which alse have high moduli of rigidity
were found to show greater breakup in the air and less range
than stringy liquids of the same ':Pu-t viscosity. An exten-
siometer wag developed for the evaluation of stringiness of
m::’ “.1.1:: “uu c:::;:o:’ was found of a -uu:. oxtcnu.;o

requ r ea ( performance, any rease ve
this value, however, having nlz-otum effeot (January 1943),




As a result of the fundamental study of the rheoclogieal
properties of incendiary s, it was concluded that empiriesl
tests involving extensibility and breakup and adhesion on impact,
in conjunetion with a determination of apparent viscosity at the
mnmno bate of shear, would be of more value in eweluating

fuels than a thorough study of the complex rheoclogical pro-
perties, Detalls of the rheclogloal studles of the unndhr{
gels will be found in progress reporte of June 1942 to Msrch 1943,
OSRD No. 1539 and OSRD No. 1893.

Rheological measureuents were also carried out on vesie
cants, both thickened and unthickened, using liackichael and
Ostwald-Cannon-Fenske (oapil ) viscosimeters and a resonance
elastometer modified for use with fluids of low viscosity. Akuys-

tn-ia:“ um K Foe g I".."':}'i"w v A B
[ me methacry so ne ryla va, al
prene, rubber and tornesis( chiorinated rubber) were ;t\‘uul:

Nost of the samples exhibited pseudoplasticity in varying degrees,
and a few, particularly those of highest molecular welght, had
measurable elasticity. However, no relationship was ro-i between
the rheological properties and the drop size distributions on the
DuPent mo tests, (August 1942, April-July 1943)

Stabllity Studies.
In conjunetion with the rheology studlies, the stability
of the various incendiary gels was detemined over a wide

of Senmperatures. This was done means of sealing the mate

in a glass tube al with a steel ball of f:p:u::.:uoul
o o Some

measuring the rate of fall of the ball from
of the fuels were stored in mason jars contalning steel, bonder-
ized steel -u.&:u- material be removed for viscometric

measurenents at ond of the kee riod, ZThe excellent
sSability displayed by the Napalm els at all temperatures
played a large part in the deelsion produce this thiekener in
quantity. The manufaoture of Napalm was begun by Nuodex in
December 1942 (July 1982 - January 1943).

Specifieation Viseosimeter.

Extensive tests were carried out in conjunotion with
the Standard 041 Development group and the Chemieal Warfare
Service to determine the best viscosimeter for use in specifi-
eation Sesting of Napalm, A modified (paddle wheel) Stormer,
a Plumb=-Hob viscosimeter and the Gardner Mobllometer were com-
pared with a nunber of batches of Napalm and it was coneluded
that the Gardmer instrument was the most conelstent, reliable
and fool-proof; hence, 1t was adopted and was used huuhont
the wer in the testing of Napalm, ?

-Molstyre and Oxidatiol.
During the work on rheological properties of Napalm

fuels, poor agreement was often attained between workeds using
what aon supposed to be identieal samples of I.th. An ine
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vestigation of these anomalies led to the oonslusion Shat they
were dwe te two main causes: (a) oxidation of she selid seap
&uring or after drying, (b) varisble molisture eontent Gue to
€21n or loss of water during storege. A study was made of these
phenemena by means of drying samples of wet pulp at various Seme
poTatures and oonditionin; dried samples of the seap at various,

relative humidities,

The effect of mointure ocontent on viscosity, extensi-
Bility and gelation rate of several Napalns was studied® and
Various methods of deterwining molsture content, ineluding vaswuwm
OVeR, bensene distillation, and Karl Fisher method, were investi.
gated. It was concluded that the benzene distillation method wag
#est sultadble for use in production control and a variatioa of
Shis method was adopted for specification use,

Oxidation, which often occurred during drying or oa
subsequent storsge of the soap, was found to be associated with
Pefuetion in 1odine number and to be rromoted by iron and man-

se which occurred as impurities in the Viotory grade alum
xtensive gtudies were rmade of the oxidation susceptibility o;
Sapalag by means of the Magkey test, in which the soap is ex-
posed at elevated temperature to a current of alr, and the
peroxide value test (January-iareh, Yeptember-December 1943),

Hapals Mapufacture.

The problems assoclated nith moisture and oxidation
and various other phases of the general preoblem of produeing
Bapalm relisbly in 1a quantities were studied by this group
in coeperation with other N.D.R.C, personnel, Chemiecal warfare
Service and the Napals manufacturers. Results of these studies
aleng with a detailed discursion of a preferred manufacturing
procedure sre givea i 0,8,H.D, No. 2036 and 20364,

Nirvelllanoe.

In the fall of 1::;, sample M69 imeendiary bembs
filled with Napulm were reguiarly received from cach of the
f11ling plants along with samples of the soaps from whieh the
fuels were prepered. The sSability of the fuel in the boabs

was followed by means of an oscillimeter shich gave a measure eof
vigcosity without requiring the bembs to bLe opened, The thickene
ing power and oxidation surceptibility of the AGCOmpPARYiNG SOap
Samples were determined., Ag & result of this study 1t was oone
sluded that the thickening sower and oxidatioa resistanee of

the Napaslms soaps and the stability of the fuels in the bombs
"were quite satisfsotory (September 1943 - Mareh 194k),

® ®Effect of koisture on X-108 Soaps®, L.L.Bauer and £.K,Carver,
November 1942,
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. Late in 1933 ene-hundred pound samples of Napals,
Jopresentative of regular preduetien, were received from eash
of the ten mamufacturers. uSability of gels made from these

at varying moisture contemnts and coneentretions wepre
0%udied at ordinary and elevated temperstures. Hesults of this

Anvestigation which was carried out in oonjunction with 8tap-

dard 011 Development Cempany are given in O_8.R.D, M .‘EOI.

Ag a Tesult of the wide wariation in consistencies os se

fuels at low concentrations, it was resommended that the effees

of this variation on flame thrower performsnee be studied,

Rehvdrating Agents.

Incorporation of moderetely strong dehydrating agents
such as silice gel, caleium chloride and magnesium sulfate in
Bapalm fuels was found to increase their gonsistency and sta-
Bility. 8ilica gel was found to be the most efficient at
‘An this respeet fl‘obmry 1944), Tests with Napalm samples
from a number of mamufactursrs, however, showed that siliea gel
does not appreciably inerease uniformity of consistency among
She various Napalms =nd that the incresse in stability is no

reater th:n would result from inoreasing Napada coneentration
give the same consistency (July 1945), lowever, fuels cene

Saining excese silion gel showed conriderably greuter resist:nee

S0 the deleterious effect of xylemol, amines, acid solder
u:uu acetate, oto., than regulsr Napalme of equal eonsisge
eles,

Elame Throw:p Stuiies.

Early in 1984 two N1Al flame throsers wers ebtained
from Chemical Warfare Service and these were fired with Napalm
fuels of various concentratione to determine the effeet of eoRe

sistency on flame diameter and range. The difference in flame
Shrower performance betwecn Nuodex and imperial Mapalms of equal

sonoentrations was pointed out and as a ucunhﬂu Imsperial

Seap was standardized for packaging im the 5-1/4 pound containers
for field mixing of ‘uels. A Kodachrome movie showing effeot ef
fuel consistemncy on flame thrower performance along with a demone
stration of mixing of Napalm fuels was produced and was Gireu-
lated widely in both the Eurepean and Pgcific theaters of wap

(May-July 1984),

Fl:me thrower performance of fuels sompounded with
xylenol and other peptisers (materials which lewer econsistensy),
incorporated to improve pourability and stability, was deter-
mined, Ag £ result of extensive tests with the MiAl (June 1984),
T5K (November 1944) and N2-2 (August 1945) flame throwers, it
was concluded that Gardmer consisteney, irrespective of n;fu.-
eoncentration, is a relisble guide te performance of the flame
thrower with Napalm fuels, Thus, additives which impart propese

.ties which are desirable in the preparation, handling or storage
of fuels may be ineorperated even though they raise or lower
ooncistency so long as the Napalm eoncemtration 1s «djustedi to

give the desired consisteney,
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Considerable researeh was carried out as a resuls of
e Infantry Beard's request for a fuel which would combine the
iple advantages of unthickened and thiekened fuels (i.e.
tereeness of burning and leng range, recpectively) (July and
August 19ll4), Puels of avout 25 grams Gardner eonsistency were
found %e most nesrly give the desired flame chzraeteristics,
Because 2-1/2 to 3% regular Napals fuels which have about this
eonristency have such leng stir times and poor stability, 1S
was deeided that 4,25 Napalm reduced to 25 grams Cardner with
xylencl or water was the best solutlon to the oreblem. In GoRe
Restion with this study, a COmDArison was made of several pep-
Sisers, including the deohoh. catechol, and turkey red oldl,
in adaition to weter and xslemol.

MAAL Y snd Bgl) Valves.

The performanee of the M)Al flame throver was found
te depend considerably uped shich valve was used in the flame
gun. With the Y valve, breakup is considerably greater than with
the ball valve snd the range is considersbly less. with &.28
Napalm, range w:s found to Le 65 yards with the ball valve and
N5 yarde with the Y valve (February 19%5),

o/ C te " fvuelg.

It was found th:t when the amount of water in a Napalm
fuel is incrcased beyond approximately one-tenth the soap SoR~
tent, no appreclable further decrecase in eonsistency takes place,
These "minimum consistency” fuels have the obvious advantage that
they are not affected by small additional quantities of wgter as

are regular Napalm fuels, Fuels of this type containing b.36
Napelm and 3.58 water were prepared from representative Napalms
from seve msanufaeturers., They were found to h.ve consiaten-
eles of 15 to 20 grams and were quite stable at ordimary and
elevated temperatures., Thelr flame thrower perforsance 1s
similar to that of regular Napalms of the same eonsistency (Maveh

and April 1945),

, SThe temperature coeffieient of viscesity of unpeptised
Napelm fuels is small compared with shat of oﬂmz'ilmua)
1iquids, This was observed esarly in the study of 1eal = .

ropertics, and was attributed to the deocreassd rats of "healing*
r-tmotum formation) a8 low temperatures, this effect almost
esunteracting the normal increase in viscosity with decrease in
Semper: ture (0.8.R.D. No. 1893, p. 17). Mapalm fuels peptized
with xylenol have much higher consistencies at low temperatures
than at high, and thoss peptized with water deerease in oonsis-
tency with deorease in tempebature, by using the optimum propore
tions of xylenol and water it 1is poesible to produes a fuel whose
viscosity is almost independent of temperature (December 1984),
The best sin.le peptisers from the standpoint of low temperature
coefficient of viscosity are the lower aliphatis aleshels (July,

August 1945)e : -
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S - When Napalm fuels are mized and stored at 50-60°r
‘(approxinstely the minimwm Semperature ot which Napalm eua be
dispersed without » peptizer), their consistencies are very mueh
n *r than when the fel is mixed at 80° F, For example, &
@%1L may have a eonsistency of 80 grums inatead of 10 grems, a
Bay have a oconsintency of 250 instead of 100 grams, The difroa-
R00 in flame thrower perfermance between these abnorsal

Most Napalm goape inorcase eonsiderubly in thickening
POWer on storage at slevated temperatures in hermetically sealed
sentainers. Thus, 4. Imperial Napalm may h.ve a consisteaey of
150-200 grens 1if iho soap has been stored for two weeks at °r,
&9 comoared to a norenl consistency of 75 grems, The inoresse
in consintency is accompanied by inerszse in moisture conteng
and Jdeorease in extractable agid, indlo:ting that some of the e
ocombined acid has combined with alumina op mono-s0ap, w.ter bolag
produces by the reaction, 8torage st 120° ¥'. was found to have
eomparatively little effeot on thickening ,ower in threc months,
indicating that 11ttle 1iffieulty would be emcountered wader
ordinary storage conditions (February-June 19%5).

txtensive tests were carried out in an attempt to
develop o viscosimeter for field evalu.tion of thickened fuels
(Desember 1944 to February 1945), 4 simple efflux viscosimeter
which eould be fabriested from matérials availsble in the rield
was devised. This consists of & C ration osn with a 1/8 or 1/2
ineh eircular opening in the bottom, This viscosimeter ls suitae
ble for fuels with coneictencies up to 250 grame Gardner. The
C.¥.8, Ball Vigcosimeter ig capable of covering the consisteney
Pange up to 500 grams Gardner if balls up to 9/16-1nch diametey
and a 100 second f:zll time are employed, The ball vigcosimeter
§ives nomewhat beSter agreement witn the Gardaer than does the
offlux viscosimeter, txtensive tests wvere alee made with a
grease gun viscosimeter,

Meshanized Mobjilometer.

4~ device for mech:nieally foreing the Gardmer plunger
Sthrough the sample in the tube at a rate of 0.1 om,/sec. and
reading the resulting rores with a spring senle was developed,
8y employing four or more mobilometers with a single driviag
meehanism and using seples with muximum indio:ting pointers, a
eensidernble saving of time ean be effecsed in the routine {ut-
ing of Napalm, sbout 16 to 20 tests por hour being possible,
The instrument w.s tested at the Imperial Paper and Celor Corp,
plant and was found te give as reliable results as the manual
uthod)of operation (Mareh-July 1945, rormal Heport to be
1ssued), .
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DAsld Nixing Vnls.
Preliminary tests were ogrried out on a nethed of min-
ing Napalm by recireulating the gaseline-Napala mixture ia a
dywn with a small pump drivea by a gasoline engine. 7This prisei-
e was later embedied in the field mixing unit (E-11) develeped
Cleaver-Brooks (Octeber 1984),

Bavx Mixer.

In the fall of 1984 she Navy requested the develepment
of a eontinucus Bixing deviee for use on the desks of sireraft
earriers, Tests were curried out with a Premier Colloid Mill
and a Jespersen Mixer, but neither was entirely satisfactery
(SeptemberyOotober 19‘4). A Napalm soap feeder for use with a
eentinuous mixing deviee was Adeveloped, After the National Foam
injection nixer in conjunction with ground Napulm was alopted by
the Navy, tests were carried out on specification metheds of
htenxning stir time of the ground Napalm (March 1945). The
variation in stir time of a representative ground Nppalm with
Ngvy aviation gasolines from various sources was detcrmined
(April 19l5), A few teats were also carried out on onere~
Sion of ground Napalm at elevated temperstures (May 19%5),

Bage_xixing.

' Near the end of the war base aixing of fuels for uee
4n flame throsers and blasze bombs, for the purpose of impreving
reliabllity of performsnee of these weapons, was eonsidered by
the Chemioal Yarfare Scrvice. Seme teats were c:rried out on
variation of conslstency with time and temperature for regular
and peptized fuels. It was decided that alechol peptized fuels
would be most generslly suited for this purpose (August 1945),

Miscellaneoup Additives.

. During the oo\tu-lo o: this f:.:::nunu:udm effest of
a great variety of agents on Na s was stu + ABORNg
these agents were mitrotoluene (Mareh 1944), carboa disulfide
(Jamurry 1984), motor oil (May 19M4), alesel o1l (August 1984),
sine and tin (July 1984), polybutene (December 1944), magnesium
and other pyrotechnic materials (Deeember 1984), additives for
eontrolling dispersion rate and consistensy (January 1945), «ad
misesllaneous chemicals (October 1942)., Many sgents wers found
%0 h:ve 2 deleterious effeet on fuel consistenoy, inocluding zine
(on leng contaet), some d¥ sel oils (particularly those dark ia
eolor), potassium acetate, etc., in additiom to the more common
peptisers. vhen ozrbon aisulfide is substituted for gasoline as
the solvent, low temperature ignition of the fuel is greatly im-
proved and considersbly greater range ¢an be attained by the
flame thrower,providing adequate pressure is supplied,




oo

4 "'_| ise ] I .

In eomnection with the investigation of the use of
osrdite gases a5 the prepelling foree in meshanised flame
Wrovers, a study was made of the effeet of the eombustion jwe-
Guets of cordite on thiockened fuels, Im all eases where the
hot combustion gases were fired directly into flame Shrewer
fuel tanks, rapid breakdown of the fuel was found to oecur)
Nest of 8 breakdown was attributed to the solid and liquid
gesidues carried into the fuel tanks with the gases. MNo breake.
dowa occurred when the powder gases were brought into contaet
with the fuel after rirst being cooled in -~ receiving vessel.
Fuels compounded »ith excessz water (“minimum censistency®) and
these ocontaining siliss gel were found to be somewhat more
resistant than regular NKapalm to the deleterious effeets eof
the eombustion gases (October 1944 to March 1945), '

Dampability of Napalas,

Pumping oharactepristios of Napalm fuels with veriews

Sypes of pumps were Anvertigated, Capacities of the various
pumps for thiockened fuels were found to be very nearly the same
as for gasoline provided sufficiently large suction piping and

p ports are provided, this requirement being particularly

rtant at consistencies over 300 grams. In comnectiom with
this study, s general equntion for .ressure loss of Napalm fuels
ia pipes of various sizes was formul:ted (Oetober, November 19M4),

Investigation was also made of ignited Jets of thicke
ened fuels propelled by various pumps with a view to using a
as the propelling foree in the mechanized flame thrower,
means of high speed movies and a pleso eleotric pressure
piekup, it was found that the difference between these jets and
these propelled by gas pressure wss attributable to pulsations
im nogrle pressure and jet velocity which oecur an integral
aumber of times per revolution of the pump. vhen thess pulsa-
tions are too lzrge the jJet bresks up into evenly spased ®swarms®
of fuel whieh are incompletely covered »ith flame. It was found
that therse pulsations eoculd be completely eliminated by means of
& spesial surge ehamber (Mareh, April 19%5), .

Dump Operated vlame Throwep.

As a result of the investigution of P pn{-nol
%::-. an experimental pusp operated flame Shrowe® utilising an
sorev puxp and the E-] flame gua and mounted on & Bulek

ehassic was assembled. This unit performed se satisfaetorily
that it was declided to develop a pump operated flame thrower
meunted in the MEAS tank., This project, undertaken shorsly be-
fore the end of the w,r, will be completed under Chemiesl Ware

fare Serviee eontne_t'(l.yowlt 1985),
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22hsr Thiekeners.

From time to time during the course ef the investiga-
Sien, the rreperties of a variety of thiskeners were studied
These included special high gelling power kapelm (August 19.‘),
6sl0ium naphthenate (dilatant) (September 1984), direct reaction
aluminum naphthenate (September 19%4), substitute (lew na theaie)
Napala (Mareh, May 1945), Valone {December 1942, April 1 ),
aluminum eresylate (Aprii. Nay 19%5), fatty acids with amines eor
inorganie hydroxide (November 19 and Ivory Soap Makes
(loft-bcr. Kovember 1944). In most cases these studies consiated
of laboratory investigations of thickening power, meisture suse
oeptibility, ete, Firing trials were garried ou‘ with Valens
and soap flakes, performance being poor in both eases.

Ziber Thiokeners.

Fibers of nitrocellulose, spun asetate, nodrlp, Saran,
pelystyrene, newsprint and Vinylite were tried as gaseline thicke
oRers early in the investigation. Of these the pulped newspring,
partiocularly in oconjunetion »ith a small amount of Napalm, ap-
poared most satisfactory. These materials, however, possess a
yield wvalue and channel badly in flame thrower fuel sanks, Their
performance in tail ejeoction incendiuries was found to be quite
Satisfactory, IS was found convenient to disintegrate the news-
PFARS 1n a Wiley Mill or hammer mill prior to dispersion in the
gollne. The most generally satisf-ctory fiber thickener for

M69 bomb was found to be cellocottom, in the form of wadding
or reps, itleven to rfourteen percent of this material in gaselime
oF gasoline-fuel oil mixtures was found to perform as satisfasterily
a8 the soap thickened fuels in simulated attic structure burming

Sests (August 1942 to Mareh 1943),

An investigation was made of the feasibility of thieke
onihg vesicants with cellulose fibers. rPreliminary airplane
spray tests .ith newspring ground in a lsborstory Wiley jill
were quite nromising., However, commercially ground samples
(Sprout-¥aldron) were not as eatisfactory, It appesred that the
preportion of long and rhort fibered meterial was of great ime
mtanoo and that the concentration of the materiul preducing

proper efflux time was very oritical. Furthermore, less of
She fiber thiekened material than of the volymer thickened was
in the desired Arop-size renge (May-sSeptember 1943),

MueSard Dispersion boumb,

The projest of developing the M69 bomb for use im sprey-
g mustird wus undertaken early in 1943, It was found that whes
the charge is fired from the bomb without nlterations the distrie
bution of mustard is about forty tises that required to produce
easusltics, Numercus deviees were tried for ceusing greater
spread, Most satisfactory results were obtained with an imnep
burster case whieh 1is ejested upen impact of the ¥69. The time
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fuse on this inner ease 1s set to go off at a height of 100-250
feet., A number of these bombs were made up and sent te

for testing. Results »ere sufiiciently promising that further
development of the weapoh was taken over by the kunitions Dsvelepe
ment Laboratory at the University of lllinoils,

Larre Syboontreoct.

In the spring of 1944 Ferre unamel Corp., under sub-
eoatract with iastman Kodak Company, undertook to develep a .
deviee whereby Napalm and gasoline ocould be mixed comtinuously,
By Pebruary 1945 a prototype had been assembled and tested by
the Chemiesl “arfare Gervice. This consisted of a gaseline
pump, a hopper feeder which metered the Nap:1lm into the gasolime
strean, a gesr grinder through which the Napalm-gaseline slurry
was forced, & powsr plant consisting of & small gasoline engime
and a ganei!.ne heater, since the grinder performed utututordy
only at tempecratures of 90° F, or above., Although the umait re-.
quired considerable modifieation, it was decided te undertake
manufacture of : revised model,

Sleaver Srooks.

The production of the mixers was turned over te the
Cleaver-3rocks Company of liilwaukee on purchagse order from
Eastaan Kodak, It was found that after the Ferro aixer had been
redesigned along the lines suggested by Chemicail warfare Serviee,
the unit was too hegvy and cumbersome to be useful., In the mean-
time, an 2ltcrnate form of mixer, conslsting of & gasoline engine
driven pump for circulating the Napalm-gasoline mix in an opea
head Arun until gelation occurs, had been developed by Cleaver-
Brooks. This equinment, designated as the i-ll mixer, appeared
80 promising that six units were produced and were boinc tested

by the Armed Forces at the end of the war,

Sastean Kedak .
Keodak Park '.l:l-m
Rechester 4, New York
Osteber 23, 1945
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